Twenty-eight yeast strains presumed to represent Torulaspora delbrueckii were analyzed by randomly amplified polymorphic DNA-PCR analysis. Four strains (HUT 7161, IF0 1138, IF0 1145, and IF0 1956) that were considerably different from the type strain were further investigated. Morphological and physiological characteristics revealed that strains HUT 7161 and IF0 1145 belong to the genus Debaryomyces rather than the genus Torulaspora, and the former strain may represent Debaryomyces hansenii. Strains IF0 1138 and IF0 1956 were classified as either Saccharomyces castellii or Saccharomyces dairensis by identification keys involving physiological tests. On the basis of analysis of the sequences of two rRNA internal spacer regions, strains IF0 1138 and IF0 1956 were closely related to S. castellii and strains HUT 7161 and IF0 1145 were outside members of the genera Torulaspora, Zygosaccharomyces, and Saccharomyces.
Torulaspora species include some interesting strains that are applied to the industrial production of bread (17) and wine (4). The genus Torulaspora was defined in 1895 by Lindner (12) soon after Hansen began his studies on yeast taxonomy in the late 19th century (8). This genus was incorporated into the genus Saccharomyces, together with the genus Zygosaccharomyces in 1952 by Lodder and Kreger-van Rij (13) , and was subsequently redefined in 1975 by van der Walt and Johannsen (22) . The history of Torulaspora reflects its close relationship with Saccharomyces and Zygosaccharomyces (2, 24). Recently, James et al. (10) proposed that the genus Torulaspora may encompass two species of Zygosaccharomyces, 2. mrakii and 2. microellipsoides, based on the sequence analysis of the internal transcribed spacer (ITS) region between 18s and 28s rRNA genes.
We have investigated electrophoretic karyotypes of Torulaspora delbrueckii, Torulaspora globosa , and Torulaspora pretoriensis and found that several strains of T. delbrueckii differed from the type strain (16) . These results led us to reexamine the strains classified as T. delbrueckii. In the present experiments, 28 strains of T. delbrueckii were surveyed by randomly amplified polymorphic DNA (RAPD)-PCR analysis. The strains showing a pattern different from that of the type strain were further characterized by conventional identification tests and comparison with ITS sequences.
MATERIALS AND METHODS
Organisms and culture. Twenty-eight strains of the yeast T. delbrueckii (Table  1) were grown on a medium containing 1% yeast extract, 2% peptone, 2% glucose, and 2% agar at 30°C for 2 days.
RAPD-PCR and data analysis. Each 25 p1 of reaction mixture contained 11.3 pl of sterilized distilled water, 2.5 pl of 1OX amplification buffer, 2.0 pl of 25 mM MgCI,, 2.0 pl of a 10 mM deoxynucleoside triphosphate mixture, 0.2 p1 of Taq DNA polymerase (5 U/pl; Greiner Japan, Tokyo, Japan), 5.0 p1 of 10 pM primer (Table 2) , and 2.0 pl of genomic DNA prepared by the method of Valente et al. (20) . The reaction mixture was overlaid with mineral oil and placed in a thermal cycler programmed for 2 min at 98"C, followed by 37 cycles of 15 s at 98"C, 90 s at 32"C, and 100 s at 72°C for both decamers. Different cycling conditions were used for amplification using the M13 primer ( 2 min at 9 8 T , followed by 42 cycles of 15 s at 98"C, 90 s at 50"C, and 100 s at 72°C). The PCR products were resolved by electrophoresis in 1.4% agarose gels in 0.5X TBE buffer (45 mM Tris-borate, pH 7.5, 1 mM EDTA) with 0.5 pg of ethidium bromide per ml. Lambda DNA digested with EcoT141 was used as a length standard.
Genetic distance was calculated manually as the number of different bands between two patterns divided by the sum of all bands in the same patterns. A value of 0 indicates that the two strains had identical patterns, and a value of 1 indicates that the two strains had completely different patterns. The dice matrix obtained from these data was used to construct an unrooted dendrogram using the NEIGHBOR program in the PHYLIP package, version 3 . 5~ (6).
Morphological and physiological examinations. Conventional taxonomic tests were carried out by the standard methods (3). The physiological examinations include fermentation of sugars; assimilation of carbon and nitrogen compounds; growth temperature; growth in the presence of cycloheximide, acetic acid, and large amounts of glucose; and vitamin requirements.
Amplification of ITS regions and sequence analysis. The region spanning ITS1, ITS2, and the intervening 5.85 rRNA gene was amplified by PCR using the primer set PITS1 and pITS4 (Table 2 ) under modified conditions (2 min at 95"C, followed by 33 cycles of 45 s at 95"C, 45 s at 55"C, and 45 s at 72"C, and 10 min at 72°C for a final extension). The DNA fragments were purified and sequenced as previously described (7). The nucleotide sequence was analyzed by the dideoxy chain termination method with the custom-synthesized primers YTSFF, YTSF1, YT6R1, and YT58R ( Table 2 ). Both strands of each PCR-amplified fragment were sequenced. Sequence alignment, a similarity matrix, and a neighbor-joining phylogenetic tree were created on a Macintosh personal computer with the DNASTAR program (DNASTAR Inc., Madison, Wis.) and the CLUSTAL V software package (9, 19) .
Nucleotide sequence accession numbers. The DNA sequences, including partial 18s and 28s rRNA genes and the entire ITS regions of the eight T. delbrueckii strains (Table l) , have been assigned DDBJ, EMBL, and GenBank accession numbers D89598 to D89605. In addition, retrieved sequences of the species of Torulaspora (lo), Zygosaccharomyces (lo), and Saccharomyces (D89886 to D89898) were used in this study.
RESULTS

RAPD-PCR analysis.
RAPD-PCR patterns of the 28 strains of T. delbrueckii using decamer 2 are shown in Fig. 1 . Each strain gave a total of 3 to 11 distinct bands ranging from 0.2 to 3.5 kb. Most strains contained some conserved bands that appeared in the type strain. UPGMA (unweighted pair group method with averages) method (Fig. 2) . According to Messner et al. (14) , similarity values within the range of 30 to 50% in RAPD-PCR analysis are considered to be characteristic for closely related species. As described below, we then compared the four strains showing less than 50% similarity to the type strain with the four representative strains showing 50 to 100% similarity. Vegetative cells of strain IF0 1956 were directly transformed into asci containing one to three globose ascospores on McClary's acetate agar, although the sporulation rate was quite low. No ascospores were observed in the other seven strains when they were incubated on McClary's acetate agar, dilute V8 agar, Gorodkowa agar, corn meal agar, and YM agar. However, the five strains SANK 5018ST, HUT 7161, I F 0 0381, I F 0 1145, and I F 0 1959 formed a protuberance, the conjugation between a cell and its bud, and occasionally an ascus with spherical spores in a liquid medium containing 0.67% yeast nitrogen base without amino acids (Difco) and 0.5% glucose. The manner in which asci arose was characteristic of the genera Torulaspora and Debaryomyces (3).
When the physiological patterns were compared, the profiles of four strains, SANK 50188T, I F 0 0381, I F 0 0421, and I F 0 1959, almost fitted the description of T. delbrueckii (3). Strain HUT 7161 resembled Debaryomyces hansenii because only this strain lacked fermentation ability but assimilated D-xylose, Larabinose, cellobiose, arbutin, melibiose, melezitose, erythritol, D-glucuronate, succinate, and citrate as carbon sources and ethylamine as the nitrogen source (3). Strains HUT 7161 and From identification keys involving physiological tests only (3), both strains were classified as either S. castellii or S. dairensis. Discrimination of these two taxa requires further analysis by molecular taxonomic methods (23) .
Phylogenetic analysis with ITS sequences. The ITS regions of the eight strains were amplified, and their sequences were Six base substitutions were found in the 5.8s rRNA genes (158 bp long) of these two strains as compared with those of the other strains examined. Because three of the six substituted bases differed in strain HUT 7161 and strain IF0 1145, these strains may represent distinct taxa.
The genetic relationships among the eight strains and other related species of the genera Torulaspora, Zygosaccharomyces, and Saccharomyces are shown in dendrograms (Fig. 3) . Strains I F 0 1138 and IF0 1956 were closely related to S. castellii but not to S. dairensis. Strain HUT 7161 was found among the Saccharomyces and Zygosaccharornyces species in the ITS1-based tree probably because ITSl regions have higher rates of divergence than ITS2 regions (10) . On the basis of branching position, strains HUT 7161 and I F 0 1145 were clearly not members of Torulaspora and had no close relationship to the other species.
DISCUSSION
RAPD-PCR analysis is a method for typing organisms and has also been shown to be suitable for the identification of certain yeasts (1, 5, 11, 14) . One of the most important points in this method is the nucleotide sequence of the primer used (11) . In the present experiments, we used three primers, decamer 1, decamer 2, and M13 (Table 2) exhibited almost 100% DNA reassociation with the type strain of T. delbrueckii, the similarity values of these three strains compared with SANK 50188T on RAPD-PCR analysis were 88,77, and 77%, respectively. These discrepancies can indicate that RAPD-PCR analysis is more sensitive for differentiating the strains in the same species, but they indicate the possibility that the primers amplify certain specific sequences to elicit biased results. Therefore, we used RAPD-PCR analysis as the preliminary experiment to select the strains which were phylogenetically far from the type strain.
Conventional identification tests and sequence analysis of ITS regions showed tilat certain selected strains belonged to the taxa different from the genus Torulaspora. These findings are consistent with the previous observations that strains HUT 7161, I F 0 1138, I F 0 1145, and I F 0 1956 were readily discriminated from the type strain by their electrophoretic karyotypes (16) . About six chromosomal bands ranging from 800 to 1,600 kb were observed in most strains tested, including the type strain of T. delbrueckii. By contrast, chromosomes of strain HUT 7161 and strain IF0 1145 were larger than 1,000 kb and 2,000 kb, respectively, and those of strains I F 0 1138 and I F 0 1956 varied from 500 to 2,300 kb.
On the basis of the present results, strains HUT 7161 and IF0 1145 were grouped in the genus Debaryomyces, and the former strain may represent D. hansenii. The ascospore morphologies for many species in Saccharomyces group 111, now incorporated into Torulaspora, were essentially identical and also frequently indistinguishable from those of the majority of species in Debaryomyces (21) . These two strains might be incorrectly identified based on their morphological characteristics.
Strain I F 0 1956 was originally identified as Torula alactosa, which has been moved to Candida holmii, the anamorph of S. exiguus (3) . However, in the present experiments, this strain Z. mrakri CBS 42 1 8T T. pretoriensis NCYC 524T was shown to be closely related to ascosporogenous S. castellii together with strain I F 0 1138. Since rarely formed ascospores could not be found, strain I F 0 1956 may have been classified as an imperfect species. It is still unknown why strains IF0 1956 and I F 0 1138 were misidentified in spite of the observations that physiological patterns of these strains fitted the descriptions of S. castellii and S. dairensis and not that of T. delbrueckii.
In conclusion, analyses of W D -P C R and ITS sequences are helpful in identifying yeast strains correctly in addition to morphological and physiological tests.
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